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DESCRIPTION 

METHOD FOR THE PREPARATION OF A SILICON-CONTAINING POLYSULFIDE- 

TYPE POLYMER 

5 

Technical Field 

[00011 The present invention relates to a method for the preparation of silicon- 
containing polysulfide-type polymers, in particular, polysulfide-type polymers that contain 
organosilyl groups. More specifically, the invention relates to a highly efficient and stable 
1 0 method for the preparation of silicon-containing polysulfide-type polymers, in particular, 
polysulfide-type polymers that contain organosilyl groups, the method being carried out 
without generation of by-products that could have high impact on the environment. 

Background Art 

[0002] It is known in the art that a silicon-containing polysulfide polymer which 
15 contains in its molecule repeating units represented by the formula (S z R 9 )k (where "z" is a 
number greater than and equal to 1, R 9 is a divalent organic group, and "k" is a number 
greater than and equal to 1 is used as an additive that improves properties of a dyene-type 
rubber composition for molding tires, rubber rolls, or similar products. For example, 
Japanese Patent Application Publication (hereinafter referred to as Kokai) H9-3248 
20 (equivalent to U.S. Patent No. 5,827,912) describes synthesis of a silylated polysulfide 
polymer from a mercaptosilane, dithiol, and sulfur dichloride in the presence of a non- 
aqueous solvent, as well as synthesis of a silylated polysulfide from a silylated halogenated 
alkyl, dihalogenated alkyl, and a metal sulfide in the presence of a non-aqueous solvent. 
However, these methods are associated with a number of problems such as generation of a 
25 toxic gaseous hydrochloride, conduction of reactions under completely anhydrous 



WO 2004/039867 



PCT/JP2003/013800 



2 

conditions, consumption of large quantities of solvents, and difficulties in connection with 
separation of the by-product metal halides, due to increasing viscosity of the product. 
[0003] Furthermore, Kokai H10-120788 and Kokai H10-139939 describe synthesis of 
silyl-capped polysulfide polymers through an addition reaction between a mercapto-capped 
5 polysulfide polymer and an epoxysilane and synthesis of a silyl-capped polysulfide through 
an addition reaction between a polysulfide polymer end-capped with hydroxyl groups and an 
isocyanate silane. However, the addition reaction between the mercapto-capped 
polysulfide polymer and an epoxysilane is accompanied by gelation caused by hydroxyl 
groups, which are formed after the addition reaction between the mercapto groups and epoxy 

10 groups. Another unfavorable factor is that the above processes have low efficiency as they 
require a two-stage reaction that requires addition of sulfur in the presence of an alkali 
catalyst after introduction of alkoxysilyl groups resulting from the aforementioned addition 
reaction and adjustment of a sulfur number in sulfide groups. On the other hand, the 
addition reaction between the isocyanate silane and the polysulfide polymer having 

15 molecular terminals capped with hydroxyl groups also encounters a number of problems. 
These problems are the following: instability caused by a concurrent condensation reaction 
that occurs simultaneously with the addition reaction between the hydroxyl groups on the 
terminals of the polysulfide polymer and alkoxy groups contained in the isocyanate silane; 
high cost of the isocyanate silane; and low reaction efficiency resulting from the necessity of 

20 using the same adjustment of the sulfur number as in the addition reaction after introduction 
of alkoxysilyl groups generated, in this case, in the aforementioned condensation reaction. 
[0004] Kokai 2000-63521 discloses synthesis of a polysulfide polymer end-capped with 
silyl groups by causing an addition reaction between a vinyl silane arid a polysulfide 
polymer having on its molecular terminals mercapto or hydroxyl groups. The problem 

25 associated with this method is that the process has low efficiency as it requires a two-stage 
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reaction with addition of sulfur in the presence of an alkali catalyst after introduction of silyl 
groups resulting from the aforementioned addition reaction between the vinyl silane and 
polysulfide polymer with subsequent adjustment of sulfur number in sulfide groups. 

Disclosure Invention 

5 [0005] As a result of study aimed at the solution of the above problems, the authors 
arrived at the present invention. More specifically, it is an object of the present invention 
to provide a highly efficient and stable method for the preparation of a silicon-containing 
polysulfide-type polymer, in particular, a polysulfide-type polymer that contains organosilyl 
groups, the method being carried out without generation of by-products that could have high 

10 impact on the environment. 

[0006] The invention relates to a method for the preparation of a silicon-containing 
polysulfide-type polymer characterized by mixing (A) a silicon-containing compound 
having a silicon atom-bonded monovalent organic group with an aliphatic unsaturated bond; 
(B) a polysulfide polymer with at least two mercapto groups in one molecule; and (C) an 

1 5 organic base or ammonia; the mixing being carried out in the presence of (D) sulfur. 

Best Mode for Carrying Out the Invention 
[0007] The invention will now be described in more detail. Let us first consider 
components, which in the method of the invention form starting materials. 
[0008] Component (A) is a silicon-containing compound having a silicon atom-bonded 

20 monovalent organic group with an aliphatic unsaturated bond. Preferably, this component 
is an organosilane expressed by the following formula (1): 

(R 1 0) (3 -a,-Si-R 5 
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group with 1 to 10 carbon atoms. Preferably, the aforementioned monovalent hydrocarbon 
group is an alkyl group, aryl group, or an aralkyl group. Alkyl groups that represent R 1 can 
be exemplified by methyl, ethyl, propyl, octyl, decyl, hexadecyl, and octadecyl groups. Aryl 
groups that represent R 1 can be exemplified by phenyl, tolyl, and xylyl groups. Aralkyl 
5 groups that represent R 1 can be exemplified by benzyl group or phenethyl group. 
Alkoxyalkylene groups that represent R l can be exemplified by methoxyethylene, 
ethoxyethylene, or ethoxypropylene groups. Most preferable of the above for R 1 are 
methyl or ethyl groups. In the aforementioned formula, R 2 is a monovalent hydrocarbon 
group with 1 to 15 carbon atoms, other than the one having aliphatic unsaturated bond. 

10 This may be an alkyl, aryl, aralkyl, or a halogenated alkyl groups. Alkyl groups that 
represent R 2 can be exemplified by methyl, ethyl, propyl, octyl, decyl, hexadecyl, and 
octadecyl groups. Aryl groups that represent R 2 can be exemplified by phenyl, tolyl, and 
xylyl groups. Aralkyl groups that represent R 2 can be exemplified by benzyl group or 
phenethyl group, and halogenated alkyl groups that represent R 2 can be exemplified by 

15 3,3,3-trifluoropropyl group and perfluorooctylethyl group. Most preferable of the above for 
R 2 are alkyl groups and aryl groups. In the above formula, R 5 is a monovalent hydrocarbon 
group with 2 to 16 carbon atoms having an aliphatic unsaturated bond. Preferably, these 
groups are alkenyl groups, aryl-substituted alkenyl groups, acryloxyalkyl groups, or 
methacryloxyalkyl groups. Alkenyl groups that represent R 5 can be exemplified by vinyl 

20 group, allyl group, 5-hexenyl group, 4-hexenyl group, or 3-hexenyl group. Aryl- 
substituted alkenyl groups that represent R 5 may comprise styryl group. Acryloxyalkyl 
groups of R 5 can be represented by acryloxypropyl group, and methacryloxyalkyl group of 
R 5 can be represented by methacryloxypropyl group. Most preferable for R 5 are alkenyl 
groups, acryloxyalkyl groups, and methacryloxyalkyl groups. Vinyl group and 

25 methacryloxypropyl group can be recommended as well. If necessary, the aforementioned 
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monovalent hydrocarbon groups with an aliphatic unsaturated bond can be used in 
combinations. In the above formula, "a" is an integer between 0 and 3, preferably between 0 
and 2. 

[0009] Component (A) can be represented by the following compounds or combinations 
5 thereof: vinyltrimethoxysilane, vinyltriethoxysilane, vinyltrimethoxyethoxysilane, 
vinylmethyldimethoxysilane, vinylmethyldiethoxysilane, vinyltrimethylsilane, 
vinyltriethylsilane, vinyl3,3,3-trifuluoropropyldimethoxysilane, 5-hexenyltrimethoxysilane, 
3-acryloxypropyltrimethoxysilane, and 3-methacryloxypropyltrimethoxysilane. 

[0010] Component (B) is a polysulfide polymer having molecular terminals capped with 

10 mercapto groups, which is expressed by the following formula (2): 
H S R 3 (SyR 3 )nS H (2). 
Component (B) is a liquid substance preferably with a viscosity of 0.1 to 1000 Pa-s at 25°C 
and with a weight-average molecular weight within the range of 1 00 to 20000. This 
component has an essentially linear molecular structure but may have a partially-branched 

15 linear structure as well. In the above formulae, R 3 is selected from an alkylene group with 2 
to 10 carbon atoms, an arylene group with 6 to 10 carbon atoms, an alkylenoxyalkylene 
group with 2 to 10 carbon atoms, or a divalent organic group of formula (3): 

-R 8 (OR 8 ) m - (3) 
(where R 8 are the same or different alkylene groups with 1 to 10 carbon atoms, and "m" is 

20 an integer between 2 and 20, preferably between 2 and 4), or a hydroxy-substituted alkylene 
group with 3 to 12 carbon atoms. The alkylene group that represents R 3 can be exemplified 
by a methylene, ethylene, propylene, and butylene group. The arylene group that 
represents R 3 can be exemplified by a phenylene, benzylene, and methylbenzylene group, 
while the alkyleneoxyalkylene group that represents R 3 can be exemplified by a 

25 methyleneoxymethylene, ethylenoxyethylene, and propylenoxypropylene. Examples of 
organic groups that may represent formula (3) of R 3 can be represented by the following 
formulae: 
-CH2OCH2OCH2- 
-C2H4OCH2OC2H4- 

30 -C2H4OC2H4OC2H4- 
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-C 3 H 6 OCH 2 OC3H6- 
-C2H4OC2H4OC2H4OC2H4-. 

The hydroxy-substituted alkylene group of R 3 can be represented by the following formulae: 
-CH 2 CH(OH)CH 2 - 
5 -C 2 H4CH(OH)C 2 H4-. 

The most preferable divalent organic group is the one expressed by the following formula: 
-C 2 H40CH 2 OC 2 H4-. 

The aforementioned divalent organic groups can be used in combinations of two or more. 
Furthermore, in the above formulae (2), "y" is a number with a mean value between 1.7 and 
10 2, and "n" is a number with a mean value between 1 and 120, preferably, between 5 and 60. 
[0011] Component (B) can be prepared by the methods disclosed in U.S. Patent No. 

2,366,963 issued to Patrick and in Kokai H4-363325. 

[0012] It is recommended to use component (B) in an amount of 10 to 200 mole %, 
preferably 40 to 50 mole % relative to component (A). If component (B) is used in an 
15 amount below the recommended lower limit, component (A) will become in excess, and the 
process will be inefficient. If, on the other hand, component (B) is used in an amount 
exceeding the recommended upper limit, this will result in the formation of unreacted 
mercapto groups and lead to increase in viscosity. 

[0013] Component (C) is an organic base or ammonia. The organic base can be 
20 exemplified by aliphatic amines, monoarylamines, tertiary ammonium hydroxides, 

sulfonium bases, and nitrogen-containing cyclic organic bases. Component (C) functions as 

a catalyst for an addition reaction which is carried out between components (A) and (B) in 

the presence of below-described sulfur as component (D), and at the same time as a catalyst 

for adjusting the sulfur bond number in the molecule. 
25 [0014] Component (C) can be represented by the following compounds: ammonia; 

trimethylamine, triethylamine, tripropylamine, trioctylamine, or similar aliphatic amines; 

aniline, N,N'-dimethylaniline, or similar monoarylamines; pyridine, quinoline, piperidine, or 
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similar nitrogen-containing cyclic organic bases, or mixtures of the above. Of these, most 
preferable are aliphatic amines, tertiary aliphatic amines, and, especially, triethylamine. 
[0015] Component (C) should be used in an amount of 0.01 to 10 mole %, preferably, 
0.1 to 10 mole % relative to component (A). If it is used in an amount below the 
5 recommended lower limit, the reaction will not have a sufficient progress. If, on the other 
hand, component (C) is used in an amount exceeding the recommended upper limit, the 
process will become inefficient. 

[0016] Component (D) is sulfur. This component works in conjunctions with 
component (C) and is required for both the addition reaction between components (A) and 

10 (B) and for adjusting the sulfur bond number in the molecule. If component (D) were not 

used and component (C) were used alone, the addition reaction between components (A) and 
(B) would not properly progress. Although there are no special restrictions with regard to the 
type of component (D) suitable for the invention, it is recommended to use dehydrated 
sulfur. It is also recommended to utilize sulfur in the form of powder or flakes. 

15 [0017] It is recommended that component (D) be added in such an amount that sulfur 
atoms constitute 1 to 600 mole %, preferably 1 to 300 mole %, and even more preferably 10 
to 200 mole %, relative to 1 mole of the repeating units (S y R 3 ) in component (B). More 
specifically, for silicon-containing polysulfide-type polymers of the invention, in particular 
polysulfide-type polymers with organosilyl groups having tetrasulfide structures, such as 

20 those having 4 sulfur atoms in the repeating units, sulfur should be used in an amount of 200 
mole % per 1 mole of the repeating units of component (A). Similarly, for trisulfide 
structures sulfur should be used in an amount of 100 mole %, and for disulfide structure in 
an amount of 10 to 30 mole % per 1 mole of the repeating units of component (A). 
[0018] The following description relates to preparation conditions in accordance with 

25 the method of the invention. 
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[0019] The silicon-containing polysulfide-type polymer of the invention, in particular, 
the polysulfide-type polymer that contains organosilyl groups is prepared by uniformly 
mixing components (A) to (D), and then a reaction is carried out, preferably in an 
atmosphere of inert gas and at a temperature within the range between room temperature and 
5 200°C, preferably between 40 and 1 10 °C, and even more preferably between 60 and 95°C. 
If the reaction is carried out at a temperature below the recommended lower limit, the 
reaction will not properly progress. If, on the other hand, the reaction temperature exceeds 
the recommended upper limit, the aforementioned sihcon-containing polysulfide-type 
polymer, in particular, the polysulfide-type polymer that contains organosilyl groups can be 

10 decomposed. It is recommended that the reaction be carried out during 1 0 min. to 9 hours, 
preferably 1 to 3 hours. From an economical point of view, it is recommended to use 
nitrogen gas as an appropriate inert gas. In order to prevent a very rapid growth of the 
reaction heat, it is recommended to add component (D) in a divided amount at the reaction 
temperature while mixing components (A) through (C). 

1 5 [0020] In accordance with the method of the invention, the reaction can be carried out in 
a solvent. Although there are no special restrictions with regard to the type of the solvent, 
it is preferable to select the one with high solubility of component (B). The recommended 
solvents are the following: benzene, toluene, xylene, or similar aromatic solvents. If 
component (A) is an alkoxysilane and the solvent is an alcohol, it is recommended to use an 

20 alcohol that has the same groups as the silicon-bonded alkoxy groups. If the alcohol used has 
different groups, the alkoxy groups will cause an exchange reaction, and a substance with a 
mixture of alkoxy groups of two types will be formed. However, an intentional use of 
alkoxy groups of two different types is quite possible. 

[0021] If necessary, after the reaction is completed, the non-reacted starting material is 
25 removed from the reaction product by heating it in vacuum, whereby a target product is 
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obtained in the form of a silicon-containing polysulfide-type polymer, in particular, in the 
form of a polysulfide-type polymer that contains organosilyl groups. It is recommended 
that the obtained silicon-containing polysulfide-type polymer comprise a polysulfide-type 
polymer with organosilyl groups, which is represented by the following formula (4): 

R 2 a R2 a 

(4) 

5 In this formula, R 1 , R 2 , R 3 , "a", and "n" are the same as defined above. Furthermore, R 4 
used in this formula is a residue which is formed due to an addition reaction between the 
aliphatic unsaturated bonds contained in R 5 of aforementioned formula (1) in component (A) 
and hydrogen atoms of mercapto groups in component (B). This residue may comprise a 
divalent hydrocarbon group with 2 to 16 carbon atoms. It is recommended that R 4 comprise 
10 an alkylene group with 2 to 16 carbon atoms, an aryl-substituted alkylene group with 8 to 16 
carbon atoms, or a divalent organic group represented by the formula (5) given below with 5 
to 16 carbon atoms: 

(=S i )-R 10 -CO-O-CH (2 _ b) (CH 3 ) b -CH 2 -(S-) (5) 
(where (= Si) and (S-) are, respectively, a silicon atom and a sulfur atom bonded to a 

15 divalent organic group; R 10 is an alkylene group with 1 to 12 carbon atoms, and "b" is 0 or 
1). Of these, most preferable are the alkylene group and the organic group of formula (5), 
in particular, an ethylene group or a divalent organic group of the following formula: 
methylhydrogenpolysiloxanes endblocked by trimethylsiloxy at both terminals, 
(=S i )-(CH 2 ) 3 -CO-0-CH(CH 3 )-CH 2 -(S-) 

20 (where (= Si) and (S-) are the same as defined above); "x" is an number, which on average 
is greater than 1 and smaller than 8 or equal to 8. 
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[0022] The silicon-containing polysulfide-type polymer, in particular, the polysulfide- 
type polymer that contains organosilyl groups obtained by the method of the present 
invention, may be used as a surface improving agent for inorganic powders such as silica, 
diatomaceous earth, or the like. It can be utilized as an additive to an inorganic filler, which 
5 is compounded with a vulcanizable rubber composition. The aforementioned additive can 
improve reinforcement properties of such a filler. 

Examples 

[0023] The invention will now be described with reference to practical examples. 

Example 1 

10 [0024] A 200 mL four-neck flask equipped with a reflux condenser and thermometer, 
was filled with the following components added in a flow of nitrogen gas: 30. 5 g (0.21 
mole) of vinyltrimethoxysilane ( a product of Dow Corning Toray Silicone Co., Ltd., 
product name: SZ6300); 100 g (0.10 mole) of diethoxymethane disulfide polymer having 
molecular terminals capped with mercapto groups, this polymer being expressed by formula 

15 (6) shown below and having an average molecular weight of 1000 and a viscosity of 1 .2 Pa s 
(a product of Toray Fine Chemical Co., Ltd.): 

HS-C2H4OCH2OC2H4 (S2C2H4OCH2OC2H4) n-SH (6) 
(where "n" is number which, on average, is 5); 

32 g of sulfur powder (in an amount of 2.0 mole per 1 mole of repeating units contained in 
20 the mercapto-capped diethoxymethane disulfide polymer) (a product of Hosoi Chemical 

Industries Co., Ltd.); and 0.5 g (0.005 mole) of triethylamine (a product of Kanto Chemical 
Co., Ltd.). The components were mixed for 2 hours at 65°C, cooled to room temperature, 
and then non-reacted substance was removed by heating to 150°C under a vacuum of 4 Torr. 
As a result, 158.6 g of a reddish-brown transparent liquid were obtained. The product was 
25 obtained with the yield of 97.6%. The obtained liquid was identified with IR, l3 C-NMR, 
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and 29 Si-NMR as a polysulfide-type polymer that contains alkoxysilyl groups ("n" is on 

average equal to 5) and is expressed by the following formula (7): 

(CH 3 0) 3 SiCH 2 CH 2 SCH 2 CH 2 OCH 2 OCH 2 CH 2 . 

. (S 4 CH 2 CH 2 OCH 2 OCH 2 CH 2 ) n SCH 2 CH 2 Si(OCH 3 ) 3 ( 7 ) 

5 

Example 2 

[0025] A 200 mL four-neck flask equipped with a reflux condenser and thermometer, 
was filled with the following components added in a flow of nitrogen gas: 52.1 g (0.21 
mole) of 3-methacryloxypropyl trimethoxysilane ( a product of Dow Corning Toray Silicone 

10 Co., Ltd., product name: SZ6030); 100 g (0.10 mole) of diethoxymethane disulfide polymer 
having molecular terminals capped with mercapto groups, this polymer being expressed by 
aforementioned formula (6) and having an average molecular weight of 1000 and a viscosity 
of 1.2 Pas (a product of Toray Fine Chemical Co., Ltd.; 32 g of sulfur powder (in an 
amount of 2.0 mole per 1 mole of repeating units contained in the mercapto-capped 

1 5 diethoxymethane disulfide polymer) (a product of Hosoi Chemical Industries Co., Ltd.); and 
0.5 g (0.005 mole) of triethylamine (a product of Kanto Chemical Co., Ltd.). The 
components were mixed for 2 hours at 95°C, cooled to room temperature, and then non- 
reacted substance was removed by heating to 1 50°C under a vacuum of 4 Torr. As a result, 
179.4 g of a reddish-brown transparent liquid were obtained. The product was obtained with 

20 the yield of 97.4%. The obtained liquid was identified with IR, 13 C-NMR, and 29 Si-NMR 

as a polysulfide-type polymer that contains alkoxysilyl groups ("n" is on average equal to 5) 

and is expressed by the following formula (8): 

(CH 3 0) 3 SiCH 2 CH 2 CH 2 OCOCH(CH 3 )CH 2 . 
. SCH 2 CH 2 OCH 2 OCH 2 CH 2 (S 4 CH 2 CH 2 OCH 2 OCH 2 CH 2 ) n S- 
25 -CH 2 CH(CH 3 )COOCH 2 CH 2 CH 2 Si(OCH 3 ) 3 ( 8 ) 
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Example 3 

[0026] A 200 mL four-neck flask equipped with a reflux condenser and thermometer, 
was filled with the following components added in a flow of nitrogen gas: 30.5 g (0.21 
mole) of vinyltrimethoxysilane ( a product of Dow Corning Toray Silicone Co., Ltd., 
5 product name: SZ6300); 100 g (0.10 mole) of diethoxymethane disulfide polymer having 
molecular terminals capped with mercapto groups, this polymer being expressed by 
aforementioned formula (6) and having an average molecular weight of 1000 and a viscosity 
of 1.2Pas (a product of Toray Fine Chemical Co., Ltd.; 3.2 g of sulfur powder (in an 
amount of 0.2 mole per 1 mole of repeating units contained in the mercapto-capped 

10 diethoxymethane disulfide polymer) (a product of Hosoi Chemical Industries Co., Ltd.); and 
0.5 g (0.005 mole) of triethylamine (a product of Kanto Chemical Co., Ltd.). The 
components were mixed for 2 hours at 65°C, cooled to room temperature, and then non- 
reacted substance was removed by heating to 150°C under a vacuum of 4 Torr. As a result, 
129.3 g of a reddish-brown transparent liquid were obtained. The product was obtained with 

1 5 the yield of 96.7%. The obtained liquid was identified with IR, 13 C-NMR, and 29 Si-NMR 
as a polysulfide-type polymer that contains alkoxysilyl groups ("n" is on average equal to 5) 
and is expressed by the following formula (9): 

(CH 3 0) 3 SiCH 2 CH 2 SCH 2 CH 2 OCH 2 OCH 2 CH 2 . 

- (S 2 . 2 CH 2 CH 2 OCH 2 OCH 2 CH 2 ) n SCH 2 CH 2 Si(OCH 3 )3 ( 9 ) 

20 Comparative Example 1 

[0027] The process was performed in the same manner as in Practical Example 1 with 
the exception that sulfur was not added; mixing was carried out at 65°C during 5 hours. 
Identification of the product by IR analysis after completion of the mixing showed that the 
reaction did not occur. 



25 
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Comparative Example 2 
[0028] The process was performed in the same manner as in Practical Example 1 with 
the exception that the triethylamine was not added; mixing was carried out at 65°C during 5 
hours. Identification of the product by IR analysis after completion of the mixing showed 
5 that the reaction did not occur. 

Industrial Application 

[0029] The method of the invention makes it possible to produce a silicon-containing 
polysulfide-type polymer, in particular, a polysulfide-type polymer that contains organosilyl 
groups, in an efficient and stable manner, in a single, simple, and low-temperature reaction 

10 process without generation of toxic gaseous hydrochlorides and hydrosulfide, without 
formation of halogen-containing salts and sulfur compounds that require the use of 
complicated waste-treatment processes, practically without formation of other by-products, 
and without a need in such additional processes as dehydration, removal of salts, 
hydrosulfides, etc. If preparation of the product is carried out in accordance with the 

15 method of the invention, it becomes possible to obtain a silicon-containing polysulfide-type 
polymer, in particular, a polysulfide-type polymer that contains organosilyl groups, without 
formation of residues, such as hydroxyl groups reactive with alkoxysilyl groups, and hence, 
with high storage stability. 



